The significance of final-state interactions in B d → ππ decays is quantitatively demonstrated by taking elastic ππ ⇀ ↽ ππ and inelastic ππ ⇀ ↽ DD rescattering effects into consideration. We find that the present experimental data on B 0 d → π + π − can well be understood in this approach without fine-tuning of the input parameters, and large CP-violating asymmetries are expected to manifest themselves in such charmless rare processes. PACS number(s): 11.30. Er, 12.15.Hh, 12.60.Fr, 13.25.Hw Typeset using REVT E X 1
Recently the CLEO Collaboration has reported the first measurement of the decay mode B 
Although the theoretical prediction based on the QCD-improved factorization is essentially compatible with the experimental value of B(B 0 d → π + π − ), it seems difficult to reach a satisfactory agreement without fine-tuning of the input parameters [2] [3] [4] [5] . This hints that final-state interactions in B → ππ decays might be significant and ought to be taken into account. In Refs. [6, 7] the elastic ππ ⇀ ↽ ππ rescattering effect on the branching ratios and CP asymmetries of B → ππ transitions have been analyzed. In this paper we are going to demonstrate the influence of inelastic final-state interactions on B d → ππ decays and CP violation, quantitatively, by taking ππ ⇀ ↽ DD rescattering into consideration. We find that both elastic and inelastic rescattering effects are important, and their existence can help understand the present experimental result for B(B decays, which only have the I = 2 isospin configuration, cannot mix with DD. But π ± π 0 are possible to mix with the final states like ρ ± ρ 0 , and π + π − (or π 0 π 0 ) could also mix with the final states such as K + K − and K 0K 0 [8] . For simplicity, we assume that the inelastic final-state interactions of B d → ππ decays are dominated by the I = 0 channel mixing via ππ ⇀ ↽ DD scattering, leaving the I = 2 state of ππ unmixed with others. In the assumption made above and in the neglect of small electroweak penguin contributions, the amplitudes of
0 decay modes can be written as [9] 1 :
where A are the inelastic-rescattering matrix elements connecting the unitarized isospin amplitudes to the bare ones [8] . Obviously S can be calculated with the help of the effective weak Hamiltonian [11] and the QCD-improved factorization [5] . After a straightforward calculation, we obtain 1 Note that the sign of A ππ 0 is here taken to be different from that in Ref. [9] . The present choice will prove convenient when the factorization approximation is applied to the isospin amplitudes.
in which V ub , V ud , V cb , and V cd are the quark mixing matrix elements; a 1 , a 2 , a u,c 4 , and a u,c 6
are the QCD coefficients independent of the renormalization scheme [2] ; ξ π and ξ D are the factorization parameters arising from the transformation of (V − A)(V + A) currents into (V − A)(V − A) ones for the penguin operators Q 5 and Q 6 [11] ; δ 0 and δ 2 are strong (isospin) phases, T π and T D denote the factorized hadronic matrix elements of B → ππ and B → DD decays respectively. Under isospin symmetry ξ π and ξ D read
In terms of the relevant decay constants and form factors, one gets
It is worth remarking that the isospin amplitudes A 
A(B
where the subscript "0" denotes the absence of final-state interactions at the hadron level. Such a result has been presented in Refs. [2, 3] . The branching ratios of B → ππ decays can then be computed, under isospin symmetry, by using the formula
where τ B denotes the B-meson lifetime. To obtain the quantitative results for B(B → ππ) 0 , we input the following typical values of the quark mixing parameters:
• [12] . Furthermore τ B = 1.6 ps, f π = 130.7 MeV, and F 
and
First of all we observe that B(B
deviates almost a factor of 2 from the experimental value given in Eq. (1). Although the former can be lowered by adjusting the relevant input parameters, to minimize the discrepancy between the prediction and the measurement has to invoke some fine tuning. It remains difficult to obtain an experimentally favored prediction for the branching ratio of B 0 d → π + π − , even after the electroweak penguin effect is taken into account [4] . Secondly, the branching ratios of B + π − ) invokes δ ∼ 0.5π or 1.5π; i.e., there must exist significant elastic ππ ⇀ ↽ ππ rescattering. This result is apparently consistent with the analyses made in Refs. [6, 7] . Taken the final-state ππ ⇀ ↽ DD rescattering effect into account, the naive value of B(B We proceed to calculate the direct CP-violating asymmetries in B 
These asymmetries can be observed time-independently on the Υ(4S) resonance with a trivial dilution factor 1/(1 + x [14] , or time-dependently at asymmetric B-meson factories running around the Υ(4S) energy threshold [15] . The numerical results of A(π + π − ) and A(π 0 π 0 ) are shown in Figs. 3 and 4 , where we have used the same values as before for the relevant input parameters. Some comments are in order:
(a) In the absence of final-state interactions at the hadron level (i.e., δ = 0 and κ = 0), the CP asymmetries A(π + π − ) ≈ 3% and A(π 0 π 0 ) ≈ −82% are a consequence of the interference between tree-level and penguin amplitudes, where the non-trivial strong phase shift arises from the penguin quark-loop function [16] . Note that we have neglected possible effects from the electroweak penguins [17] , the space-like penguins [18] , and the self-interference of different penguin loops, as they are generally expected to be insignificant in the transitions under consideration.
(b) If only the ππ ⇀ ↽ ππ rescattering effect is "switched on", A(π + π − ) undergoes an oscillation with increasing values of δ and its magnitude can be as large as 25% for δ ≈ 1.2π, while the magnitude of A(π 0 π 0 ) always decreases when δ deviates from 0 or 2π. In this case CP violation remains resulting from the interference between tree-level and penguin amplitudes, but the relevant isospin phase differences may play a more important role than the strong phase shifts induced by penguin loops at the quark level.
(c) If only the ππ ⇀ ↽ DD rescattering effect is "switched on", the magnitude of A(π + π − ) can remarkably be enhanced (e.g., A(π + π − ) ≈ 35% for κ = −0.05i), but that of A(π 0 π 0 ) becomes smaller than in the case κ = 0. There are two sources of CP violation: one is the interference between tree-level and penguin amplitudes, and the other is the interference between two different tree-level amplitudes as a result of ππ ⇀ ↽ DD rescattering. The latter is measured by κ, whose magnitude and phase can both affect the CP-violating asymmetries in a significant way. [9, 19] . It is therefore a big challenge to extract any information on the weak CP-violating phases from B d → ππ transitions.
In summary, we have demonstrated the significance of elastic and inelastic final-state rescattering effects in B d → ππ decays. Our treatment of the complicated inelastic finalstate interactions is soley to take the simple ππ ⇀ ↽ DD rescattering into account, hence it remains quite preliminary and can only serve for illustration. Nevertheless, the present experimental data on B → ππ decays can well be understood in our approach without fine-tuning of the input parameters, and large CP-violating asymmetries are expected to manifest themselves in such charmless rare processes. We remark that further effort is desirable towards a deeper understanding of the dynamics of nonleptonic B decays. 
